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angle, and time of day. Atmospheric pollution weakens solar radiation. Dress code, skin pigmentation, and application of sun protection factor of 15 reduce the UV-B penetration into epidermis by more than 95%, thereby limiting the production of Vitamin D3. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] As with recent progress in the field of medicine, it is now clear that Vitamin D has its effect on overall health, besides its effect on bone health such as on glycemic control, on immunity, on various malignancies, on lipid profile, on cardiovascular diseases, increasing neuromuscular function and improving mood, protecting the brain against toxic chemicals, and potentially reducing pain, and on various other aspects of health. [29, 30] Overall, Vitamin D is a versatile yet crucial factor which is vital for many metabolic functions in our body. However, it is not given due importance. Vitamin D costs nothing. It is freely available to everyone who allows adequate exposure of skin to the sun-rays. The main reason for VDD is insufficient consumption of Vitamin D in combination to inadequate sun exposure.
Various researches from all over India have shown a high prevalence of VDD both in rural and urban populations. [31] With this background the present study was conducted in a rural block West Bengal, India, to determine the status of Vitamin D level among the adults, to quantify the sun exposure, to find out the optimal cutoff value of the sun exposure for Vitamin D sufficiency and to elicit the determinants of high sun exposure.
MateRIals and Methods
This study was a rural community-based cross-sectional study. It was done from May 2016 to April 2017 among adults residing in a rural block of West Bengal, India. Pregnant and lactating women, all those who had not given written informed consent, who were critically ill and who had Vitamin D supplementation within the past 6 months were excluded from the study.
As this kind of study, i.e., study on VDD/VDI has not been conducted in this part of the country on a community basis, reference of a study done in Mangalore has been considered for sample size calculation where the level VDI was 80%, [32] after taking a confidence interval of 95%, relative error as 10%, and design effect as 2 minimum sample size was 196.
Rural Health Unit and Training Center, Singur (RHUTC) is the rural field practice area of All India Institute of Hygiene and Public Health (AIIHPH), Kolkata, which serves 64 villages through two of its Union Primary Health Center (UPHC). Each UPHC serves 32 villages. Multistage sampling was used to recruit the study participants. In the first stage, 3 villages were selected randomly from the 32 villages of each UPHC. A line listing of all the adults from selected villages was done and number of participants from each village was calculated by Population Probability to Size Sampling. The required number of samples were drawn from a list of each village by simple random sampling (SRS). If the selected individual was found to be as per exclusion criteria or was unable to contact after two visits, SRS was done again without replacement.
The study was started after the due permission of the Institutional Ethics Committee of AIIHPH. Data were collected by the researcher himself after taking written informed consent by interviewing the respondents with the help of a structured pre-tested pre-designed schedule. At the end of the study, advice was given about preventive measures of VDI and also the treatment for the VDI by the researcher. The Schedule had six parts.
Sociodemographic characteristics, sun exposure, and usual clothings, physical activity; short International Physical Activity Questionnaire (IPAQ), Questionnaire for musculoskeletal morbidity, Awareness regarding Vitamin D, Questions related to depression [33] a. Sociodemographic characteristics: Age, sex, religion, education, type of family, marital status and socioeconomic status b. Sun exposure and usual clothings: Each individual was asked about the usual daily sun exposure and the usual body parts exposed to sunlight during the hours of sun exposure. Total body surface area (BSA) exposed to sunlight was calculated using Lund and Browder chart. [ 
Operational definition
• Vitamin D insufficiency: VDI is defined as serum Vitamin D 25-(OH) level <30 ng/ml. [32] • Good Awareness regarding Vitamin D: Individuals who had scored one or more than one score were classified as having good awareness • Body mass index (BMI): Each individual was classified into different BMI categories as per South Asian WHO criteria • High Sun Exposure: A optimum cutoff for veritable sun exposure was found using Receiver Operating Characteristic (ROC) curve for Vitamin D sufficiency. Individuals with veritable sun exposure more than equal to this cutoff were stated as having high sun exposure.
Recorded data were analyzed using appropriate statistical methods and represented by various tables, graphs, diagrams, etc., and various statistically significant tests were applied accordingly with the use of R: A language and environment for statistical computing. ROC curves were utilized to find out optimum cutoff for daily sun exposure and veritable sun exposure using Youden's index. Univariate and forced multivariable binary logistic regression was performed to find out the associates of high sun exposure.
Results
Mean On asking about the time, they usually spent under sunlight, 85 (43.14%) replied within 30 min, only 1 stated that they did not spend any time under sunlight. Only nine study participants were reported to have daily sun exposure of more than 3 h [ Table 1 ].
All of them said that they use to uncover their face when they are exposed to sunlight. Most of them, 161 (81.7%) had their neck exposed and 137 (69.5%) had their hands exposed when they were under sunlight. Only 47 (31%) and 45 (22.8%) stated that their legs and feet respectively exposed to sunlight. Out of 197 study participants, 12 (6.1%) had <10% BSA exposed to sunlight while 87 (44.2%) had more than 20% BSA exposed to sunlight. 
dIscussIon
Various studies across the entire country on various study population such as pregnant women, PMW, elderly, paramilitary professionals, nurses, doctors, hospital staff, and adults have reported VDD (ranging from 41% to 100%), VDI (ranging from 73% to 100%), and mean Vitamin D level (ranging from 10 to 28.86 ng/ml). [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Almost all previous research works in our country have found higher VDI/VDD than our finding, and this may be due to various reasons, such as: • The rural setting of our study while most of the other studies have been conducted in urban settings • Cultural differences between the study populations such as staple food, living style, and physical activity • In West Bengal, staple food is fish and eggs, which are among the few food items in which Vitamin D is available. This food habit may be the reason of less prevalence of VDD/VDI in our research • As we have done our study in a village, number of participants with physical inactivity and with obesity were very low. This may also explain the less prevalence of VDD/VDI in our research.
About 40% of the study participants in the study had sun exposure of more than 60 min which is similar to the study done in rural Mahad, Maharashtra. [35] The similarity in the research might be due to the rural setting of both studies. Mean sun exposure of the participants in the present study was 90 min which is higher than that of other studies where study participants were physicians, pregnant women, and depigmented persons in Delhi by Goswami et al. [46] However, in the latter study, soldiers were found to have quite more sun exposure than our study participants. All these variations may be attributed to urban setting of latter study and different occupation and physiological status of study participants.
A study among healthy individuals in Kashmir valley mean sun exposure was 142 min/day. [47] This is higher than that of our study participants, and it may be due to all the study participants in the latter study were adults while the present study had 25% elderly population.
Two studies among pregnant women in Lucknow [48] and Mumbai [45] had found mean BSA % hour exposed to sun 6% and 7% h/day, respectively. This might be due to physiological status of study participants and urban setting in the latter studies. A study among pregnant women [49] found 35.4% h/day in rural Lucknow which is similar to our finding, and it might be attributed to rural setting of both studies.
As per the researcher's knowledge, no such attempt was made to find out optimum cutoff for a combined characteristic which considers not only sun exposure but also area exposed to sunlight and daily sun exposure. Findings of the present study suggest that if around 17%-18% BSA human body will expose to sunlight for 1 h in a day, then the individual will have Vitamin D sufficiency. The possible favorable combination in our Indian culture may be exposed face, hand including palm, neck, and feet for "1" h.
Males had higher odds for sun exposure, and this may be very easily explained by the cultural setting of rural India, where women usually are homemakers and hence for most of their time, they spend inside the house and hence low sun exposure. Outdoor workers had more sun exposure than indoor workers, and again this finding is too obvious as mostly an individual works during daytime; hence, it is not surprising to have low sun exposure for an indoor worker. The present study found higher the physical activity, higher the sun exposure. As most of the activity, which constitute physical activity are usually outdoor such as cycling, swimming, running, and others and hence more sun exposure. Individuals with more depressive symptoms were found to have low sun exposure. This may be due to the fact that depressive individuals want to be alone and in trying to be alone, they usually prefer to stay inside their house and hence low sun exposure. Individuals with higher sites with pain were found to have lower sun exposure than the individuals with fewer sites of pain. This association can be explained in two ways, first that individuals with low sun exposure will have low Vitamin D, therefore more pain and second that individuals with pain will rest inside, hence will have low sun exposure.
Strength and limitations
The present study was a community-based study on VDD/VDI. There is no such study in this part of the country as per researcher's knowledge. Findings of the present research can be generalized to other similar settings as the sample size was calculated scientifically. It is the first to find out the optimum cutoff level of sun exposure for optimal Vitamin D level.
The study was cross-sectional in nature, and hence temporal association could not be established. Some of the responses were self-reported and recall based. Hence, responses might be biased due to recall or due to social desirability bias.
conclusIon
Proportions of VDI varied from 57% to 100% depending on gender and age. Overall, the prevalence of VDI was 67.5%. Awareness or proper knowledge is prerequisite for favorable practice. Proper information, education, and communication materials regarding various aspects of sun exposure and Vitamin D should be prepared with due consultation of field experts and disseminated to increase awareness among the community. Exposure of face (3.5%), forearm (6%), hand (6%), and neck (2%) for "1" h may give sufficient Vitamin D levels. Participants of all age groups, in both genders, in urban and rural areas and different parts of the country with a larger sample should be studied in the future.
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